More than 350 000 ventral hernias are repaired in the United States annually, of which 75% are primary ventral hernias (eg, umbilical or epigastric hernias). Despite the volume, there is insufficient evidence to support the use of sutures vs mesh for primary ventral hernia repairs.
of hernia recurrence that is associated with the use of suture repair techniques, mesh repair has become a popular alternative. Despite the strong trend toward the use of mesh repairs, particularly with large primary ventral hernias, there is insufficient quality data supporting this practice. In addition, outcomes of seroma formation and surgical site infection (SSI) are less commonly reported but are important outcomes associated with significant morbidity and cost. Furthermore, wound complications and seromas may be associated with increased rates of hernia recurrence.
This study assesses hernia recurrence, seroma formation, and SSI after 2 treatment options for hernia repairmesh and suture. To appropriately account for the correlation between the multiple end points, 2 statistical techniques-a univariate meta-analysis that examines each complication independently and a multivariate meta-analysis that examines all 3 complications concurrently-are used.
Methods

Search Methods for the Identification of Studies
A literature search following Preferred Reporting Items for Systematic Reviews and Meta-analyses guidelines and the Metaanalysis of Observational Studies in Epidemiology checklist for observational studies was performed with the MEDLINE database, using PubMed and OvidSP, with the following medical subject heading (MeSH) terms: ventral hernia and suture or mesh. 3, 4 These searches were restricted according to the following MeSH limits: (1) January 1, 1980, through June 1, 2012, (2) human, (3) adults 19 to 44 years and 45 years or older, and (4) English-language articles. A search of the references of captured articles was also performed. Titles, abstracts, and entire articles were reviewed by 2 independent reviewers (R.L.B. and M.K.L.), and discrepancies were resolved by consensus among the authors.
Inclusion and Exclusion Criteria
Articles were eligible for review if there was mention of both suture and mesh techniques used during elective repair of a primary ventral hernia. Exclusion criteria included the following: description of a surgical technique only, only evaluated patients with cirrhosis, assessed emergency cases only, consisted of fewer than 10 patients in either study group (mesh or suture), consisted of laparoscopic cases only, included incisional hernias (including recurrent primary ventral hernias), or did not report comparative outcomes of SSI, hernia recurrence, or seroma formation.
Data Extraction
The following information was extracted from each article: year of publication, study type, inclusion and exclusion criteria, number of patients, follow-up duration, use of preoperative antibiotics, size of hernias repaired, age, body mass index (calculated as weight in kilograms divided by height in meters squared), American Society of Anesthesiologists grade, repair techniques, and incidence of hernia recurrence, seroma, and SSI. All studies were graded for risk of study bias using the Downs and Black 26-item checklist for the assessment of methodologic quality that included the following: 10 variables for assessing quality of reporting, 3 for external validity, 7 for bias, and 6 for confounding. 5 Two independent reviewers (R.L.B.
and M.K.L.) reviewed and scored each study on a scale of 0 (lowest) to 26 (highest) and then gave a global grade: low, moderate, or high risk of bias. Reviewers were not masked, and studies were evaluated in no particular order. Discrepancies between scores were discussed and resolved between the reviewers.
Statistical Analysis
The statistical software R was used for the analysis of data. 6 A univariate meta-analysis for each end point was performed to calculate the odds ratios (OR) with 95% CIs. A multivariate meta-analysis was performed to jointly estimate the log OR of mesh vs suture for the 3 end points: hernia recurrence, seroma, and SSI. Heterogeneity was assessed using the Higgins I 2 statistic. The fixed-effects model was used throughout.
Results
Systematic Review
The results of the systematic review are shown in Figure 1 . A total of 1492 potential citations were initially identified using the MeSH terms and limits. An evaluation of titles MeSH indicates medical subject heading.
Research Original Investigation
Mesh vs Sutures for Primary Ventral Hernia Repairs resulted in omission of 1384 articles with titles not related to primary hernia repair. Review of the remaining 108 article abstracts resulted in the exclusion of an additional 84 articles because of study design issues, unsuitable comparator groups, irrelevant outcomes, or included hernias not of interest. Of the 24 articles remaining, 15 were excluded because they had sample size issues, only evaluated patients with cirrhosis, or included incisional hernias. Nine articles met the inclusion and exclusion criteria and were included in the final analysis. The characteristics of the 9 included articles are summarized in Table 1 . The studies included consisted of prospective randomized control trials (n = 2), retrospective medical record reviews (n = 4), and prospective observational studies (n = 3). The use of preoperative antibiotics varied among the studies, with 1 study reporting a difference in use between suture and mesh repairs. The global risk of bias for the articles varied. After consensus among the reviewers, 7 articles had a high risk of bias and 1 article each had a medium and low risk of bias. Although the risk of bias varied because each article met the minimum criteria for inclusion, the articles were included in the meta-analysis. Table 2 presents the extracted information for each article with respect to suture and mesh use. There were 1782 total cases, with 637 mesh repairs and 1145 suture repairs.
Univariate Meta-analysis
The univariate meta-analysis for recurrence included all 9 articles. The pooled recurrence rate was 2.7% (n = 17) for mesh repair and 8.2% (n = 94) for suture repair. With respect to recurrence, there was no suggestion of heterogeneity among the studies. The I 2 test was 0% (P = .49), suggesting little variation among the included studies. The analysis of pooled data revealed that mesh repair was associated with a lower recurrence rate compared with suture repair (OR, 0.31; 95% CI, 0.18-0.52; P < .001). Only 1 study noted the interval from operative repair to hernia recurrence in its cohort (median, 28 months; range, 16-62 months) 12 ( Figure 2A ).
Six studies were included in the analysis for seroma complication. The pooled seroma rate was 7.7% (n = 32) for mesh repair and 3.8% (n = 21) for suture repair. The I 2 test was insignificant for heterogeneity among the articles (I 2 = 0%, P = .48). The pooled OR was 2.27 (95% CI, 1.30-3.97; P = .004) for risk of seroma formation with mesh compared with suture repair. Patients undergoing mesh repair had an increased risk of developing a seroma complication ( Figure 2B ). Seven studies evaluated SSI as a complication after primary ventral hernia repair using mesh or suture. The pooled SSI rate was 7.3% (n = 31) for mesh repair and 6.6% (n = 43) 
Multivariate Meta-analysis
A multivariate meta-analysis was performed to jointly estimate the effect sizes. This meta-analysis incorporated the correlation of the estimates, which can be increased by borrowing strength from external studies. All 9 articles were included in the analysis. Recurrence was associated with suture repair (log OR, −1.05; 95% CI, −1.58 to −0.52; P < .001), whereas risk of seroma formation and SSI occurrence was associated with mesh repair (0.84; 0.27-1.41; P < .004; and 0.65; 0.12-1.18; P = .02, respectively). When assessing heterogeneity, an I 2 of 16.8% (P = .25) was found, indicating that the studies were not heterogeneous.
Discussion
Primary ventral hernias are distinguishable from incisional hernias and warrant independent research to guide best practice. Using a multivariate meta-analysis, this study found that the use of mesh in primary ventral hernia repairs resulted in fewer hernia recurrences but more seromas and SSIs. Only 1 other meta-analysis has assessed the morbidity associated with mesh vs suture repair of primary ventral hernias. The meta-analysis by Aslani and Brown 16 found that mesh offered a reduction in recurrence rates but no difference in wound complications in the repair of primary umbilical hernias. However, this meta-analysis failed to exclude studies with incisional hernias, including recurrent hernias. Incisional hernias result from failure of a previous incision, indicating a difference in cause when compared with primary ventral hernias. This meta-analysis also included studies that involved cases in patients requiring emergency surgery and incarcerated patients, which are vastly analysis by Aslani and Brown, indicating that the studies were heterogeneous. 16 Two Cochrane reviews that assessed mesh vs suture repair found mesh to be associated with lower hernia recurrence in both inguinal and incisional hernia repairs. In the setting of inguinal hernia repairs, one of the reviews did not find a difference in the occurrences of seromas and wound infections, whereas the other review found that mesh use resulted in an increase in wound infections in incisional hernias. 17, 18 Aside from these studies, analysis of the effects of mesh and suture use in the setting of primary ventral hernia repairs has not been analyzed adequately. The studies included in our analysis used several different techniques for repair, particularly a simple interrupted suture or the Mayo technique for suture repair and polypropylene mesh placed in different locations. Although there are many kinds of mesh, most studies included in this analysis used polypropylene. The reason for this use was not clearly stated in the studies, but polypropylene is relatively economical and easy to handle, making it a common choice for hernia repairs. The results of this meta-analysis have important implications for clinical practice. The use of mesh may result in an increase in seroma formation and SSI risk, but use of mesh may be more beneficial, especially in recurrence. A cost-analysis of treatments for inguinal hernias found that mesh proved to be more cost-effective in the long run. In addition, this study found that the recurrence rate was highly correlated with the cost-effectiveness ratio of the differing techniques. 20 With the increased risk of SSIs and seromas, the cost-effectiveness of mesh repair with marginal recurrence rates may be mitigated compared with other repair types. The use of more advanced statistical techniques to combine information across several studies is being sought to establish consensus quantitative evidence that may contribute to hypothesis generation. Because of its ability to synthesize information to assist in decision making, the metaanalytic technique has been used in several different disciplines. A meta-analysis has the ability to detect associations that are typically not seen in individual studies because of low statistical power. 21 In addition, the metaanalytic technique has the advantage of making results more generalizable, thereby improving the external validity of an association. 22 Typically, studies use a univariate metaanalysis to assess the effect size across studies for a single outcome of interest. However, in clinical practice, there are numerous outcomes that may be the result of a technique, and these outcomes may correlate. As such, to more appropriately understand the relationship between an intervention and its outcomes, a multivariate meta-analysis is used. A multivariate meta-analysis allows for a pooled statistic for each end point to be calculated while accounting for any correlation between end points and discrepancies that may exist within a study and among different studies. 23 This study uses 2 statistical approaches to analyze the morbidity of mesh and suture repairs of primary ventral hernias. In the first approach, we analyzed the results using a standard univariate meta-analysis for each morbidity independently. From this, we found mesh to be associated with less recurrence but more seroma formations. The univariate analysis did not find a difference in SSIs between mesh and suture repairs. In the second approach, the multivariate metaanalysis found that SSI was associated with mesh use. Using a multivariate meta-analysis allowed us to corroborate the findings from other studies by ruling out possible interaction among the 3 most common morbidities assessed in the literature after mesh and suture repair of primary ventral hernias.
This meta-analysis included only 1 study that rated low on the Downs and Black checklist. Most of the studies had a high degree of risk of bias, lending to the possibility that the metaanalysis may not appropriately capture valuable individual patient data. Although this may be the case, our results are aligned with the current literature.
Hernia size is likely to be a confounder for the choice of mesh or suture repair, but the studies included did not uniformly report on hernia size. Therefore, a subgroup analysis was not possible.
Conclusions
The results of our multivariate meta-analysis support previous reports that found that the use of mesh for primary ventral hernias is associated with a lower recurrence risk. In addition, mesh use resulted in an increased risk of seroma formation and SSIs compared with suture repair. Despite being one of the most common surgical procedures, the level of evidence available on repair of primary ventral hernias remains poor with largely level II to IV data. Additional prospective randomized control trials are warranted to corroborate the findings of this meta-analysis.
